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(57) Abstract: 

PROBLEM TO BE SOLVED: To form an active layer 
having an inhomogeneous crystal structure by heating an 
In-contg. Ill nitride crystal layer at a specified rate 
and heating temp, for specified time, and cooling it at 
a first and a second different rates. 

SOLUTION: An In-contg. Ill nitride semiconductor crystal 
layer formed at a temp. T (650°C<Tg950°C) is heated at 
30°C/min. of more from T to T' (950°C<T^1200°C). The 
total time for heating the crystal layer at T is 
limited to 60 min. or less. This layer is then cooled at 
20°C/min. or more from T to 950°C in a first step and 
less than 20°C/min. from 950°C to 650°C in a second 
step. Limiting the cooling rate forms a slave phase in a 
main phase and accelerates inhomogenizing the crystal 
structure or the compsn. of the In-contg. Ill nitride 
active layer to form a III nitride semiconductor active layer. 
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m-#mi] S.S.TX. «HU 6 5 0t<T^950 

WWittWSJBJST-SCIKU T*CTJ«*LfcIII $g 
{M^IIJf SrT'Crt^T' r ({SU, 9 5 0t<T' ^ 

1 2 o or) ic»#3 o , e&±©a*T?in»-r*jMLr 

SBStT' <t09 5 0ti£. S#2 QV.£k±.<nm&-ZKi 
mt&W, 1 OftJJIIt. K«gfiJi£ 9 5 0W665 

a*#tm 2 ©ftajifiSflrAfciii *ftfl:*|iN«*© 

[0 0 0 1 ] 

>y^A (GalnN) 3?0>III jRSft:0l¥#f*?§t£B 

»iLTjfii«c^Kftrt»iii«*^r-r*iii ngsemito 

[0 0 0 2] 

tftjfeW&W] Al, Ga, I n, N (x + y+ z = 

l. o^x, y<i. z =/= o) m<n-l a €-^*rr 

51 1 1 *£*fr>tt|ib&e<Z)Jf&&3tt« 

wm-t&stytyur-v (led) y-y-r 

H (LD) ii5»S)ffim^»!l*Sh5>> : X5' (M 

odfet) w-nm.^^'i 7>m&<n®fctt&&mf$.T 

• -f Aiia (G a, I n H N : 0^x^ 1) d> 
[0 0 0 3] LED^OfSftJlS^fca-aT. JK^OMT 

rirr*«iMn::tt, (i) £flrt>fltji£Mse0ttA&M 

««*»/Mr**C«>:. (2) ffiftflMFOCSttttttfttJ^ 

^Aigfllf tC&oTfc (1) SSHW^Sttt. (2) «A 
¥— ©llrit©i9Kfc« (phase) g{b# 'J 



[0 0 0 4] «3tJi&LT©SM:# , JtfA--r>5?'5A 

s)is«Sft^'j ?a • < >s??.kttajij&tfiiMfii*jt 

(Jpn. J. Appl. Phys. , 4_6_ 
(8) (1975), 3432. ). mtfl<) r}A . ^> 

5dtttgjfi©W5£C»(,>Tt>«|g^tlTt»4 (19 9 
6 ^fck*SS 5 7 @£A14fe9¥&¥flfilHft£Iftft?MfeN 

o . 1 . ig*S#*t 8 p - Z F - 1 4 . 209 H#Hg) . 
BP'S. tj£*^e>S3|B|-$nT^fc<7)<»:«jS5lc. 3S3tB£L- 

T^fflsnti^gwu^A • ov^AissBte. 

[0 0 0 5] L^fe, ^WJ^A-OvW^i 

J4fytjis*iiiw*iii &2fl:tt¥«{tiRaBi*iffai& 
aai««iiftK:ifiit#T*ca:*««ifi. anscs^-c^ 

-5. g{fc#'J ^A • -f Vy^AS^JBfr-S^sB^- 

*>. «3tH©tta*Wfc*i5H^4S^*^e&«>fctti*j 
£ 4- A -5 £BBWfcB^ t L TfiSffi$ tlT ^ -5 . 

SMt^u ^a • -f >s?^Aisa)i*«c-rntf. isaa 

»M^T^SH4<fctt (1) -1" >>"?A«ffi©^— 14T 
*0, *fc (2) «fc0**MK: 

asfttfu ^a • -r >->'^A^asfi. ^a-fa^MTa^ 
[ooo6] -r >-i"i7A i n 

SSJttJBO^a^ftl^aft^'J ->A • -f >>"i7A%^:8<h 
BWffiW^«Hi«±jtW*D<^t:^U^A • -f >v-^A 
*. t^T. Sfli^U^A • -f A&ilJf<Z>#2If0 

<d /* & iiSsK ^ ittn \z nm-t z> u t x -etfi s mt&WL 
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sle D/Hj&©«B*ik# v>Mi$.m<nm&ms.mt*:'& 

&Z>. 9cf. m 1 ICgfttf'J^A • -r a %;>tif£ 
«^.fcfUE«ft«e*0 L E DfflittMiiOK 

£S^-r&. mmmmmtmm (ion ^b±ich 

%tBl<£ftfiilffift (10 2) . T»?5y 
(10 3) . fgJEJI (10 4) . ±gRi7 7-y h'B (10 
5) &tf3>?? hjf (10 6) «fl|j$Bft>&ttlj£3*l 

^©«B«i£#£}^&5£©iL6^ 

<=>»STtl«. IfiftB (10 4) t±TK>^7-y 
( (10 3) Rtf (105) ) tTM^nS 97)^ 
t-d (dh) 8£-«jg£-&tr ! b<©<hfc:5. fg^Btt*^ 

n«ja*a{tofi63i50Ms«**-r ( . m2 2 

11^ (1 9 9 3*1 lfl) . 6 7 0-6 7 5 H# 
bb) . 3Mfc#'J*A • -f >5>tfAttftBA»Sfc*3S>fcJi 

fcjsg-r-sse (1 14) {csijjg-r««sficta. «) 
nt nwifif^ * « c is fc 9 *« t * tm©atffi * 

0"C 1 2 0 0t:»W(7)iaS(C#at" -Sjgig ( 1 0 

7) . (n) m&mwam&itoftwz&mz—miAm 

0 8), (A) tf-^Xy^>^£fgfflrrSi&a<fcD 

nwBojssfi.flE^&arrsag (io9). (-) - 
Agtctim 0 0 6 0 or©— ^©as-r-tr— 

(110). (jjx) Jfc<fcWft«TJS*Lfc««JiJ:K:T 

13 Wh. (GaN) H€rfiggT-5fci6IC. tt9 0 CC- 

^120 QV.<nm<Dumzm-WL-Tz>T&n (i 1 d . 

('N) ifi9 0 0t;~i^ 12 0 Ot©ffl©-^©I 

ft-CTtf*5v KJBSrJ&fi-raaS (112) . RZf 

(h) T«*7? FB©ldtft*l*7L-fc». mcnw 
A • -f >^A^£&55SftB£)£gr6fcJ6©ia«'v 
ISBttfitfls: (£«) <DMm&&T2ltZ>i&m. (113) 
£Migt-£©#«<-)Klfl£&oT^-5. mttfWL. 

irF£-t*-5©tt£IM£tt©gfl:#'J ^A • -f >>?£A|g 

fztf)~V$>& (JOURNAL DE PHYSIQUE 
IV. Vol. 5 (C 5) ( 1 9 9 5) , C 5 - 1 1 7 
3~C 5 - 1 17 8I#I) . 

[0 0 0 7] fytHifciSMfctfU^A Ai& 
H«©>*g£fTOiIg (114) <oaft»«T4K^JRft^ 
8?§y§fiJM)£ (MOCVD) ^flUcTftW*) 6 5 0*C~ 
#J9 5 0t*»HRWT*4. (Jt«S*K:«a<#*E-r*© 
tt. BWtr*< >ytfA*filSJ±Cfe3L-T«fltt©« 



£tf»5fifift«Si&aa<gfcsa*e>-ei&5. S5tW >->* 
■^Ai&fdcitWgfttf 'J^A - -f >v^ASgSB©fi£&£ 

SMt# U *3 A • -f >v?^A«»»©«iattttfiJEi« 
*©<£Tc#^jBft:-r*. »fif»MtSLEDffllo 
mtUVJA • >^^AfK3t»tCfeoTtt, -1* >->*<> 
A«ifiXit«, SI/BiiliSjO. 0 5 (5%) a>e>iP)0. 2 0 
(2 0%) ©(6Hl*3lCS3£^tlSCt*i#t^ C©«S& 

^s^Aafusttwgfttf'j^A • -r>>?? Adnata 

&*?fc*MH4&tfl' >v^A©JSOjA3m*£©ii&i$©;9i 

o or-*^ o ox;*ijf*ut>isnT^-5. 

[0 0 0 8] fg#B©fl£f££l$7L.fc&tt. SWiSL 
T±gfi^7-> HB^&^fi)c-r*fcJ605#SjaS (1 1 

5) ICgPff-r*. ±S!i'7 7KIim7JR^A- 
#Utf AilllBa>5fc<$TS©a<— ^-OJB 
j£i&gf;i«tfa9 5 or- i 2 o ox:&miL&m.mzwti£ 
^nrni. se-dt. ;r©i&gTttf£tt:Bttf£3tB©i* 
fisft^e 9 5 ot~ 1 2 o ox:c75$eHcoiaa^#fi^ 

n5. L^U t£il5&ffilCSn>T<r©f?-fii©gT?©#t& 
iS* « L- fc« > . tefgftB ± »c ± 

FBRtf3>** hB*»(fc-r*iiS (1 1 

6) bB«g{t#U^A^6«/rr-5 

i«(il^»(0*sj9 5 0"C~ 1 2 0 CC if -5 

©a*-&6<J-C-£>&. fitoT. X%B-bl::tMgB&£B£ 
itSISlCtt. S;btffE3tBte^©/Sfiag<fcOt><fc9B5 
fflK£».£n-5©*<il0!IT&S. fSftBi^ttWEB** 

B-r«fc»cfE3CB«<*iaK:<ia*i«j«iBHa. g<£ism 

©**©&j£<t*©fc»lc*S©*1iE»jS*a*fcW$ 
»«r-5«iniI*»lt*©*«-HRWC»-5. «3fcJl±^© 
»«EJi©lE«K:fl't»**Jt*<*«K:»«*n*»llfflf4. 

*T 5 fl-RH^S 2 4 0 ftfffl ( ra#:#,Sj . 5gfc fg 
6^ (1 9 9 0*6fl) , 35-411) . §fcW4«6 

0 ftffl-C$>2> (J. Crystal Growth, i 

1 (1 9 8 9) . 2 0 9-2 1 91. ) . Ctt"E>fi£*lC 

nun (ii7) t»ffr*. ^ffljfi^oaaic^e.^ 
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j«**«3£-taa«««t** (#P¥8-3 2113^ 
(±EOT$$M¥ 8 - 3 2 1 1 3^iiffi#Bg) . BP^. C 

&^-r & * fittirr z> mk <n-^m c * o r %> . 

T^-5^0oafl«JSfcofcSft^'J^A • >->*?A5£ 

[0 0 0 9] £UL. gffctfU^A • -f >> f ^A*SSB^ 
S<c*K3tJi**fllLfeLEDffljft©«IB«lififlcoffi* 

(A) fgTtBt-r-SgfLtf'J^A - >f >v?^A56itJHtt 
»i*il*7»K:»ac#«r*. (B) KJfcJB_h'x©«te 

«3ttJB©l*j8|50ttlHttltK:5e3t*^ tc <h o T*?«i5£- <h £ 

sn*©*«tse*©#T»t3fc. et- 
na, KjaTro«i*j(Bniiw3Lfitt»iiiLfc«!W«j«an 

n t T-€-oi»fl«i*»o«jiSiA» s nt ^ 

gfttf'J^A • O-^^AtiftB&aJtJBiL.-C 



[0 0 10] 
[0 0 1 1] 

<{fiU 6 5 0t<T^9 5 0t) Tfl2(Rbfc-f 
A^#III «IS8{t«*»«:ti»Jl34»&'f >5?«>A«*ft 

T' *C ({Sb, 9 5 0"C<T' ^1 20 ox:) 
«TtCftU|gbfc*n*a:gi:. K^BSrT' <t0 9 5 0 

rig. «»vx;©a«-c»ai-r*JBi©»aiiet. tt 
«saa*9 5 o , c*>e>6 5 o-cw&Hwj&gcafl-wt; 
({lb, v>w) ©&ST#£p-rsHI£-atrlfi2©& 

IfttS. ^{C. ±ia©?^aiMS v 2 0"C/#JW_k 

[0 0 12] *%Mt«te4'f >^OL.^mt^U\ 

, In, N (x + y+ z= l, 0^x, y<l. z=^= 
0) tiSn5fc©*S*5. Sfc. — «iC Al.Ga 
y I n, N H As, (x + y + z = l, 0^x. y< 
1. z^=0, 0^a<l) . «5£A 1 , Ga, 

I n, N H P b (x + y + z = 1 , OSx, y< 1 . 
z=it0. 0^b<l) TSSnSftl (As) ^'J> 

(p> ts.e.<n, a*un©'*v«?7c*&*fi!E7c*tr* 

IB^»4»to6«ct». Sttn^SSicSMfSfllfiKOttn 
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fcSflMMIifitt©— 09K14. ^77-f70C (*fcf4 
c) ^11, M (3=fcttm) Jfcftffiifc^teR (Sfcte 
r) £BiB£><3ft«£«&ii±l::. III J£grt;#l¥«# 

^ffljfcoswiWififlsfsaiiffsettJicojBjaicajieizHiw 

[0013] *fEwc«ia*T , c-c}g«cUfc±Ewa< 

ffittSO^fiXfflS (T"C) £6 5 0t^8x9 5 0*C£<, 

mttm. mizmtx u ^a • -r >*jo&m&>mv>— km 

?§14B£tt, SttJf coflgRTCM A COjjfifiJtJt (« 
ft) *«3pj^-Tf*«Stt)l*55. -i>VVK*fsM-$ 
£111 JKSft«J^<S«:{C*oT«. -f >>"f A*fiJSJ±<0 
^-ttte&ffiS IC «t 0 tom L Tf6* L fcffi (DUSK m IC 
»^-5<>v^AigftWHS(CS^^T^-5. gfttf'J 
£A • -f>>">A*»<3*€)S14SS:«ICLTSlWrn 

Z.temtJJV5A (GaN) T&MafcSBttffltf 
AijflJ#it£ 0 . 0 5 (5%) tt-SG a O K I n 0 05 N 
ISi^ftSHMt'f >>"}A&fiJiJt£0. 15 (1 
5%) tnGa 0 . IS In D . ls NilS*>6Wl*ffli 
jWBGEL-C£S3fl:#'JtfA • -f >5*>AJSttJifc<!£ 

mM,mte&M&zm?ii. sisif 

£#ffltt*LT^>>?">A|ftJ5lEJ**JttftW/h 

fM§t4J|t|Sa. £ISA*fr>t4*E£JB (7^777 : a 
morphous) , *fcttCin^©ilSSajgffi*<Jgffi-r 



tt. **»tt*W4tfttfc<if£LT*tt«©l*»fcK«E 

[0 0 14] *5£B^T(4. T-CA^ffittSOttl^iaST 
««J^tf5 0t/»it5 t #«iS«*«cnj:OiBV»t I 

Jt»*#ldfr«-f >$"*A£#III &&fc4fe¥##lli;: 

ffitciss-rs. *£«tsi4#i;U4\ sttoabHT-nfttt 

(TEM) ^fiJfflUfeStteoWBTEMK^ffilCJ: 
0. -^CD?fGE£?g8gT?£5. WffiTEMffiTte. 
tc Br® ft*** £ &MVti£. v> « H JgiKft if <h f -5 &ttcot£Jg 

-f >> ! ^AiSat«lt»^:/MC<t-5»fSTEM#lC*oT'f 
>^A*«*£#fflKJt«^T*<ht-saEBffitt. i 
#«a»5©tflU:fc*6*#tffc#<ttH#tt*W411l 

■^AiggteEPMA (m^-SST-r i/PT^U >X) 3£cd 

[ooi5] ±m<D&m&mitm&m\Hmz'&mft^<D 

^>-f>->*^A«#^(C|ttte«^gC-r. «t>T. 
£fiJcfiia« (TIC) Sr^ASiaftlCSB^raicMD^gT 

>->--^A©l£«rSg«lOli^$ffl#. ^ni:glLT-f> 

[0016] Tt:*^T' ■c^co#iajaa[*i^Bw±c 
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tfmfrnfz&feommzm^T^ >w a *-&trfie«ffl 
©##«-«&-?«&<&£. ledic&^t, fgft&s 

teSlta. 2 0 0 < C/#£jg*.-5^gT-&-5. 

[0017] ^fEwo^frTffiifjucaifK&jfi-rjaa 
*<*L<gc:sfcje). »&»■?■©•*■ *>©;wtfc-r-5. 

"=>fc£i!H£JB©fla*&£9 5 Ot^iSA 1 2 0 CCfilT© 
fcHtcfcai&fitmJg-r*. Sig&flP&ia&fiffi&Jf © 
tfftara. fifegfflft (Tt) , lt± 

[0 0 18] ±ELfc«iHTEMttfcJ:SttJS-ett, flfl 

* iisja i -r -a fsa£«*§ ©#«ra*tt jot * Agfa a*B 

JR«©ttf*a«J»in?-fttf. ti^ti&tt-riRftlAttOttllt 

tt«*#iii^^a*K:iiffrn«f£««**d&*-r«»« 
tt*&»;u*»rra. mmgkft ©#«©!«;*; 

ti^ih^ig (A/F*t^:bandgap) ©<ST 
£fcfc<=>T©te, ->'J3> (S i) ttttAttORftlcH 
r*»ifi©W«EfiR***«A*tc:*Tr»* (B. Del 
ley and E. F. Steigmeier, Ph 
y s. Rev. . _47_ (1993) . 1397. ) . W 

fttfu 9a • < >y->A5atJH*— «ic-rftw:. 



&#<0#WZ&±W1B<nffi&lZJ:Z^1&&<D^!ii.&tj; 

«Oi»»»4J:0«*K:*S-r«. ±E©$P< (SdEWP 

h y s . Rev. , 4_3 (1 9 9 3) #R8) . 

©#* CftfrittSiSfft) tt§S*tS«l;:*«£#;t*. HP 

£ffl<. *5Ri|inrtt (1) 0SteJl<ofllj*e** 
(2) «SM^HZHm»AmSk» (fiESffl) ©#«© 
&tf (3) IgSft (ffiJSffi) ©#« 

izmmommz tit ■=> l..b-3#«©h— <tic*#-r an 

JDfiB#ra?;6 O^rttC^M-T-5. rtf©*^ 

«3ta*K:«ft*?§ttJifc££»*K: 
h;pffli|imi3i««;mr*/a:^*fett (swtft© 

Ofe&ft- (SEJSffi) 3£©flc|R{Cfi)tSrsiC 

g©f£3t£ t>fc e-r©»cjg-r*^»*«#-r^>«ga* 
©fffiTEMte^fijfflLfcs^iK^^afc^jsf-rn 

[0 0 19] SttSlCjP^MSSrJjg-r-^iCiLT. ffi 
ttg* 9 5 Or^a^. 1 2 0 0-CUT©®ffl©it-5— it 

ffiMBrtfia*-r«*ac****. i 1 

0 0"C©-5£©fflS-e2 0^miCS0SttJi«A)SRffl9 

ep^. ±E©APf^fias^j56-rfc«6©fiap«eai*3TS. 
fttf. (t* ) ^^-rtfc-^fc^-r-s^g 

*?ttt, mmm.s. (t* ) *<9 5 o*c<t' ^120 
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«n$ m ic a* t «a: * -a-T mem tc Aaffi^aa s m?-m 

Ctt. 8 5 01CTJ*«S-&fcIII «S8{t«!l*«W*ffittJB 

(T = 8 5 0t) KrH*T8J»l»i££ 1 0 5 OtiLT 

*. *^icSit^ns$eBp«q(os^T' "ewe 

[0 0 2 0] S14B(::^&S£l6®t-5l$«te#?££ 
14B£S3lB<!:-rs«Bfl£ig# (ffittB/^SKStBL 

tcm^mmmi&m ic^o-m «B#ii£#©^j5jc£ 

•*7Ufc*»— S£*ifitt©«*K:i£?&#l,Tfifcft*© 

(S i Oj) -^wft^m (S i N) f£©#« 

iT-tiL, m^Bfltifi{*©auE«*a£-e\ as 
t* ■cfti«Maa*j»-r»«t>«*r#*. sea. in 

4S14S«»BKT€?*. Plx.ll 8 3 0t (T= 8 3 0 

<»L7t«B«ig#£ffiJ;$L£&i$aJU ^©flnf&iaJg 
«B*fi]fflLTH*«*it#l;:9 5 Ot^Sx 12 0 0 

B©fl2/S:£f£©— m-c&z. 

co o 2 1 ] *«wj&««i*r*stt»K:»-r**ijiRfi* 

(T' ) CO«effl«. gttB-kK:*5-y F»*©IME«ft 

SB * # £ IS tcfijffl £ /£gag©*fcH tc ^ifc-T -5 .. 

f£ytm?mm<DDH&&mmz> gi*B£i*-©Bi2©± 

A (AI.Ga,, N : 0=£x^ 1) ***<!: LT«J« 

O'Ci&fix. 1 2 0 0 < C£rRD«gH-C&-5. ©#£#tfi£?- 
&*m£Sft:#'J ^A • 7JP= -^AfiSiT-SISO. 
dWgftT^^A • tf'J^AjgHl^t^TfiJffl^ft 

i i o ot;T2 o^Kica-5S{t7;i/5n^A • #u r> 

T' £ 1 1 0 ort-r-5 2 0#ffll::H-&Si£B©fln&$a 
£•»?"*&©©, ^©BJSSftSfcJ&Kg-rsErfll. 



J$fiitg£*£T-5C<h£fcoT:&B©>*gBt|!IJ£ 

*fEW©«jeT*in*wBisBsm£trt (6 o#mjju*3) £ 

[0 0 2 2] JWfcfflSl8*ll*7bfc*©SttBtt*2fl 

fcffittB^;^aS14B*{ix.fe«B«jfi^»^}g^igfa 
LfclSt(iS^. *^BJT«iaffiT' -CT'tt]^SL 

2 sprw&aii-r*. mmmmT' 

ta><=>g1*B©ftii5©j$;gifiST;&-5 9 5 O'C'x©^ 
i§g£Sffl O^IgttS, 9 5 0lC<fc9S14B©g 
ttO^UKT^S 6 5 OTC'MaBsiBiliifiSrff 2©?&ai 
iStts. #fg0jm;t£fti=>©fPliRD;sfi2©?fr£ii 

<fcSS2©#2JlgT©«#©;£231ifiSw 0C/#) <hO 
K^£v>w£-r-5„ 
[0 0 2 3] Jfrl ©&lfliagtejto?ai@T£#:ffi©|*iffi 

€/!SliC^©jSttttAlMtt9«ttUA:&B©tt?> 

5fc©Tr*-5„ »fffiTEMftftlC«J:4«S?te*sa[c:* 

#&nzft&xm&wmirtu*. isaM**^©!^*© 

««#Cft*B*fcatt£fflttT**©tt*j2 0 

©s^*di^m« (t' *o <Dfcmz$>iTmz. mmz 

Wm-tZ&ll 0 0 01C~*<n 1 5 OrT^BJiC^^-S 

& (v) lilSKii2 0t/M±i:i^1-4. £ 
fc. »Sb<«v^3 Ot:/#K±tr«. 9 5 0t£ 
ttA.*Ka««T7©*Stt»©3i:**JtfiEttti6JB«©H» 

* m < i c a c © na ««t * a m -r z> c sr * b# m ep % . 

»»»«©■»*»« t>3»**«»*. «Atf. 1 1 0 or 

■r*aEWc«t>«»ui«aa*»7Ufc*. 9 5 otcs 

»5*C©«1t«:jaflE"P3 O^WT^aTSiaeStBOfc 
tt*©«r«*:ll6*«*ilLTt»««*^©»ft*W5er 

-So 
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co 02 4] *io»aixai:9i#i«<sB2©»«iia 
a-e**. ttoT, c©»aixeT?»4. jBiwjwaiifi 

ttl <DJ*»Xac»»7*J*a«S*v*2 or/#£A±(C 
S^LTl>5Ci:!4^wttS^2 or 

aiMg^-rs. * 2 w/frane-ctt, aucwfrsixai 
««ioa»*tt±(f en*. S8 2 w&axa(c*n>Ti$iP 

a*^/jN<h-r-5Ci(49 5 orrt>£ 6 5 ortCHJiiS-ti- 

m2«^a)xa-c«^asBtra^^sLT«fco«ESie 

<75S!l**#-5fcJ&tC9 5 0Wf,6 5 Or CD$Si§C0!£.g> 

fcLTH (0) tbt*5. ?&^ixsc»ttsias<D^ 
-r. 

H") ffittJf CDflD!&ffla£ 1 0 8 Ot: (T' =10 8 0 
t) r3 0^fflff-5fc^, 1 0 7 0'CJ;0 9 5 0t'\S 

»3ox;©a*TT»ai-r**i«3»ffliai. ai^UT 

9 5 OtA^ 6 5 or^ft# 1 or©g!|-&-Ci£2S-f 3#5 

2 o»ana £ ufc***{t**-r ^ n 7 7 -r 

(□) 8 5 0t (T=8 5 0t) TfijcS^-t+fc^tTi'J 
■7 A • -f >v^AfgttS±tC. 1 1 5 Or (T* =11 

SB^7-y h'BRtfl 0 5 CC (T* = 1 0 5 0t) T$ 
fc#'J?A*»S&'&=i>** 105 
ora>e> 9 5 oric§#4 0r<Z)j$gT2. 5#fflTf$ 

fi-r-s^ 1 (Dfttuxnt. mzmg 9 5 or*><=> 8 0 0 

rfc5r/#TI$2a£-t>-7c&. — el. 8 0 0t:i:i5» 
ra(cWD«^LTMtC. 8 0 0r<fc9 6 5 one 1 or 

(A) 8 0 0tffiXi$tffcffitti (7=8 0 0*0 ± 

^©io2 ot:-co±a5i7 7-y vmmHzny?? bm 

JaJRffliaSrJEcLfcS <T' =1 0 2 0t) . 1 02 0t 

i©»aixaa:. 9 5 or^bffittB<o/ijcfi*&s<tLfc 

8 0 0rieg#5r«jg3rc[S$irr-5i@a<h8 0 OX:fr 

b6 5 oric$#i o rroag-mia-r -5 iia 

zm 2 ©»aijaas*ff r «iR«5fi«*YK*s-ry □ 7. 

(-) 9 0 0 < CT?gft7;U5-7A • #'J-7A • -f 



^A^H (A 1, Ga,I n, N : x + y + z = 1 . 0 
<x, y, z<l) *>5)4<6ffittJi*»J*L (HJ%. T 
= 9 0 01C> . miS&mJtlZ 1 0 8 01CT2 O^ffilCH 
0^{tT;L-5->7A • TJU^AJia (A 1 , G a 
N:0<x<l) J5>fcfc3±ffl527 7y KBSfiSgSi** 

T' = 1 0 8 01C) . f£gg^l*iWf?H*7JX£3t#t:: 
W0»it*fc«>C5»BJrafi!cfi«flE (=T' ) Cfi&JSL 
fc*. H— OJ4«SBrtT9 5 0^4 Ot/^©M 
T?©B«LT*l-©»aiia*Hit. iiLT9 5 0t 
A'eSOOtClOt/^OlST, Il:8 0 0W5 

6 5 or (ci 5r/^<oa*-e^a-r-5 2g;^(75i^aiT" 
m 2 oD?&aixas:i(sfcja«yo 7 r-r >v. 

JhC© (-) o«JE©««rW*ft©«(cE«Gfc*lc. 

[0025] mm<Dto»ttMmiz&fc&j**.&iztb 

6P*>. (1) ti«Tr (6 5 0<T^9 5 0) TfiXSL 

fe?si4e*»o^®aja^T' r (950 <t' ^120 
o) ^#M&-r*xa. (2) fiftT' rTWtei&i&ax 
a. (3) jn^ffla^7^«igis?>'^2cDxa^ 
fctt*»siia© 3 ia**»w©«jrr**frTT* 

1-fc<?D-CfeSo «*iA»©xa©B"JMi»4*f6?l!©a***fE 
flrrsicSSfc^. &< *-t , *>±iE<7^:£3xa<£>M.&.£• 
fcttleJ;9:*§gBJ^©^^il^iif/££n£^ tittv 
xa«iiD^xa»c#ra-r sxaT&o Tiasxa«ffl»i* 

fiufc»ttii**f*fcL-c\ aaj»a^?&aixa*ttrx 
assii7jffit)WF^^ti^. -a, »m-r«NEo»«ii$d[ 
ctt»ic«3ettttti. #f£Bj»i$2jixaTSffl-r-5;$iB 

<ttt»< *Tfc#ja«v»«»n»xSfcj:oT^§i$ns 
fcoTJb^T, *«w©»*aaas*fixLTv»£»r>iStt 

CO 0 2 6] *9S%»6 5 0"C*»Ofit>»*fB«IC» 

tt-sKi&gSicti, 1#fclS^^Dn^^^. 6 5 or*«s 
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[0 0 2 7] III tt£fc4b¥*ttfr5&«SttMt;tt&#t 
-JMJoule)*. '«ttttrtv>ttftft*ttlt&¥iJffl 

[0028] *38w©#»sifitt** <h, > 

-rass* (n 2 ) ^u-^a (He) mnwm&m 
vin«uc«'r«*B ; f» ; F«#**iistf6n*. *et£;tf 

oT. — ^Stt#X»£g«it^fCLTfc*a5 0%£jg 
Sn4»B«il«ttti6A»l:Slftt) <*MMB2 5 4 0 

7 9 mwmm&mr . 7>tz7 (nh, > <g<nmm 

BT (N) (H) tWHS^S^tr^SSBB 

^mSxtf^vr^te (MB E) trMLfcfitt 
1/Tft5^f©t-A (beam) fcH&S* Lte^SI* 

n c jp^ffls * m-r urn t> — s-c * *. 
[oo2 - 9] sttjirtwo-r >3?>>A«aj*icB-raw 

ttAIB4>60lsl&rXlft0tt/hftm 

ft*ttrtfE©!lSttliEC!)X«iaj»ftlll: J: 0«HBl=«3eT 
#5, H4»a*«W©JlD«Ma31«:)SfiLfcn*©afl:^ , J 



•>A (GaN) JB±©*fl:#»J"*A --r>5?»>AfittJB 
H4®IKMt3Xtkia#rft&aff&&. « 

&fftK<Z>fl-*ji|i«ffi|SH4 (orientat ion) ffl 

h— tt©*^-^. bp*,, BErsicDa^itt (^r-y-'-r^ ( mo 

s a i c) ifc^SftT^S. ) <7)^c/jNi£:SLTl> 
[0 0 3 0] a»tl^a«lt*f<JfflbTflMllLfc»®T 

-c&s. *^Hjwspsift5aa^^TTB^$n/5S£Sffl 

(ftttAtt) ©***tt««*t>»4i»aK:LT*R. 2 
5nm fry*— 9—) Et"Ft*5. fttSAttdWHC 

ir»tt»ft#©ffljft*o*3t*«s*c»i!rr*iieHffi (it 
a#) sejgffl (*sa#) 

5?fA»*f4±E©X|IHISBia»fjll3tStt«!I*»5»in 

«KK:ftoT;&£3:ift4 2 0~4 5 0 nmitSSfeffi 
«t*t»««tfi*#«j4 8 0~ift5 0 0 nmt-r^ffiitfe^ 
L 5 1 0-5 3 0 nmit«lifef«5)I 

T^ntf. h'^h (dot) WfcftUBK: 

[0 0 3 1] M«get.>ttiKSi:f«Sdn«1ft|jiA#o^: 

ft*. iP^affl«R^«SW©«gB8rtT*P#!ifflft^igB$ 
$1§T'£>ag, *M*M;l:iK&«:*:&?SftttA#ft<* 

tfHSa*"**. ttjBfllift(tt4 8 3 01C (T=8 3 0t) 
T"f >v^A^tti&* { )0. 0 6 <**J6 96) fT-SHJ? 
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me 0 nmCOgffctf U^A • O^Wgft (ffi3fc) 9 
(GaoL94 I no.oeN) HOOt 
( T * =110 Or) tC^3 2 5t/^M^t)oT# 
MbHJ!P£#3 1 2 0 nm£-r£g{L7;^ ~^A • # U 
^A2gH (A 1 ftI0 G a 0 . 90 N) RZfmmtfilto 1 0 0 n 
mc^) p m.V>mtJ3 U ^ A £-&fHc t T 3 0 ^fflTJ®*, 

a»rsfi)cfii*fPS:feoTflo*!i«ia*^Lfc», 950 
t:^«»3 orofij^-e, 9 5 0W5 7 5 0ti;io 

t/^T2 0»fflt, 7 5 0ti^6 5 0ti;i5t^ 

fl. ffl«l&CX?&aiS-XSS]!l6LfcMOCVDj«fifflSl£; 
tP^^gp^b^a^^JWtC^LT^S («2 4 , C) 

[0 0 3 2] J:C(OjD*«aa*J6L*:#tlB«ja{*:*ffl^ 

TftSlfcLEDsJ^H Sl^tCSS^i^4 2 0-4 4 

ftatcan^feot^s. a» (zn) for 

^■fe^— tt^Pttttt^* (S i) *<OK^— 

■?AR3teJB («pBH¥6 - 2 6 0 6 8 0-^i«#HB) £#S 
AfcLED^e>»S*SnS7* h;US*yfe>X (P 
L) ^X^^7 h;i,SrH5t3«S-rs 0 15l:H 

tt#t«JSStttc«*u /t;i/X (plus) WK'sU^A 
(He) -AKS^A (Cd) *f-3t*AI*Lfc» 

ttMft«rtt«, <K#C7cW& (low-dimensio 
nal) tt'JT (carrier) <8fi*t*W;:J:S 
fcO<i:TS<Z)3&t— «Wtta«fT»S, *aMI-«fcOJBfiK 

[0 0 3 3] 

[0 0 3 4] 
[HJS0J] 

■(H*6«ll) HI -V«eSft*{t^****HA^«SE 



8 3 OtTfifcRSii-fclll m^itm^mw&gkmfrZte 
[0035] H7 ic*ii]W«iKiE-r«ii#iJtflc<o»rieat 

fi (101) t. LTIM^: (0 0 0 1) if Sfflg 2 
-f >^<7)+r:7 t<T (a -A 1 2 0 3 ) SrSiS^ ( 1 1 
8) f*j<D3tJ«r (119) ±K*¥K:««U/t. 

(10 1) <7)*^tt« 10 0m m3iT&£>o KJSiP ( 1 
1 8) fa$:MfflSVl>7 (12 0) £fl*U M^>^ 

(12 1) »C<fc0JlE£K:#*Lfc. «1 o-»K-;i/ (T 

0 r r) <0H£*lcBJ«UTttl O^BMSilLfca^, 
#X»A?L (12 2) J:0«3UyhI^/»(0!llEiO7 
;t^>#x£Kj£*p (118) rtfcSfcilS-fr, fpft<D& 
tt&m£±m.f£ (7 6 0Torr) fC^'J§£-t*-fco 

[0036] mm, Kmfp (i 1 8) rt*»Bsnfc» 

(1 1 8) ^(0«>&£:#jtL>S:. ftSK:«,&£JB'7'f 
«9 QX;£T%mM7kmXX<DKfcip (118) F*J^ 
co#t^^BBtetfco 5 U ^ 

tit. (118) co^JBKSW-fciSJS 

«ai«m<jp (12 3) iz&m&nm (i 2 4) 

MSAife, cntccto, s*s (101) 

Mcto 1 0 5 or:(c±#$i±fco g>R (101) ^is 

(119) <D\Hmzi$ A2ntz&&-&& • a 
v A (12 5) KiDWfiLfco 

(10 1) <Z)fifl«*l 0 5 0 < CtCiiJiHUT^b^2 

v h;K^)»J^TKJ6JP (118) CflM&LJ&a&fc^ £ 

« (ion iiizfsji (126) 

[0 0 3 7] NU^^MU^A ( (CH 3 ) 3 Ga) 
£#'J^7A (Ga) M£ IT, g<£ (1 0 1) ±\z9?T 
4 3 0 ( C(CiH>T7> F-^cO^ft^fU ^A (GaN) 
(10 2) ^r^SLfco iS®lg®g 

(102) (Dmmtmi nmtvrz 0 feMmmm (i o 
izwtfeLfzo femmffim (102) wdt«s:ji*7Ufc 

fc*1]X0)BLit>& (118) ^Ottl&SI?jt-r«i: 

ttffiic, 5 u ^ h;i//^oT>ii/^r>^fxco^tp ( 1 1 

8) ^#y&£PteL£io 7>^Ez7^X^tp (1 

1 8) ^(Dmmm^^hL. 1 U h;U/»(C«i$L 
fc^ST, iS^aS3-r;i/ (12 3) tBUPT-5«^«* 

fi£ (101) oit^4 3 ot^ & 1 1 0 or 

t^#^LfCo (12 5) TJB!lfflStlSja«*U 1 

0 0X:£?£^tz&&^W.%\ZT>±zz7<DfcfotP (1 1 
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8) ^.cDm&m&mfti u? h*»S3u-y h^tJtjn 
Stffc. H«n:7;W>*xc!)flttei* 5 U v 
«k0 3U?V^/»i:*i;4i#i:. **#x©Sifc*F 
(118) ^©#tt&£«7>3 >J y hJP©S&S£fct>T?? 
MLfc. cntC^O, -k»a<rt«*W8 0inm£T** 
tt«53Mf CAUSES ft SRJtUF (118) Mi, 
LT9U7h^/»»*i. 7;l/:J>Rtf7>*:-7# 
SSil-rsttiHtLfc. S<£ (10 1) ©i&g^l 1 0 0 
*CCi«itLT5»IB«f«Lfca. fiSUffiJl (10 2) 
±Cg* (Si) * K— e>^LfcnS!<Z)S{t^ l J^A 
freftSTSf^iyHI (10 3) 

fcv->7> (si,H f ) & jjxtvxmm 

fc*{fc#U£A*»5fc«T**5ry KB (10 3) ©* 
tUTillfiH. 151X1 0'*cnv J T*-3fc. B^tttt 
4«mTifcofc. gfcK-ynfiaffctfU^ATtfi^ 
y KB (10 3) «)J4fi*t»7bfc*Kl»4. Sfi (10 
1 ) ©ffl«£ 110 0 1Cj&> 1 0 ^fflT 8 3 0 *C tC<B 
TSti-fc. S«fi«*<383t«©rajSfiffi (#;£*©T1C 
lCffl^T-5) 1?*5 8 3 01C(C^-r-5x£®B#^f«tbfc 
S^K-^nS^LtfUtfATaS^-y FB (10 
3) ±^©a*H-7 p *{t^f'J^A • -f >S>£A5S*Ji 
(10 4) ©j*«SBM&Lfc. -f >i?CA©«|6«C 
lfffi«hT-5->^D^>^->-x-;K>>?^ 
A (eye 1 open t ad ienyl indium : C 5 H 5 In ( I ) ) 
ttJILfc. gfttf'J^A • OS^AJ&fcJi (10 4) 
©<>->*?A*a/j£itteiiQ6% (0. 0 6) tL. -?-©B 
JPteift 1 0 Onmtlb S$«nSg(WiJ ^ATSK 

i77-yFe (i 03) v>f#.&mzmmvrz<Dtmm<D> f 

TSffctfU ->A • -f >i?i>Al (G a 0 .94 1 n 0 . M N) 
(104) KSJHiLfc. ±m~?'>5>MZ<DRl&& (1 
1 8) ^0>0«&«Wt. M?SdeAt»2x 10"cm- ! i 

[0 0 3 8] ^K-^nfflaftJtf'JfA • -f A 

fS>£B (G a 0 94 I n 0 . 06 N) (10 4) ©j£g;M[$7 

Lfc««, mmn (125) a»&©jfcs**j<nt«*c: 

its^Rn-fju (123) fcQito~rz>nJi&&i&mtSim§. 
(124) s«-cisgsLift*«f). g}£ (101) <nm.m 
znzsi 1 0 0Tcic#jaLfe. c©#sxaic»w*# 
«aais«9 oic/^cs^u. 8 3ot; (=t"C) »^e> 
1 1 0 or^s^fflTiijji^-n-fc. 

[0 0 3 9] #ALfca£Cim?-5£&&ga>XMft<ft 

t^^n> 1 1 0 oicfc*jrr*i£2£inf**Lfc». -v 

(Mg) * K-tf>yLfcS^U 9A±gP 
^5-yFB (1 0 5) SliSttfe. *HJ6^JT«CC0 
1 1 0 0 < CICj£tt£g{fc;tf'J'i7A±g|^7-;/ FB (10 
5) rosJS^fc^T, ±IS©f£7£B (10 4) iZ-D^X 



^iSlcitt, t*X-^5 1 >'L->^a^>^->*x-;U (b i s 
- (CH, Cj H ( ),Mg) Zmmistz, -??*is?7 
A K-K^aoEJfctfi (118) -*©&«&»«:, ±SP 
?77Fi (10 5) rt07y*->9Alf0i|g^ 
3X 1 0«cm- 3 ICfiJji-r^>«lClHSL.fe. 1I4I<)2 

0 0 nmtt5±f977 FB (10 5) ©/&:6tCte2 

o^^itfc. se^x. 1 1 o o^zMtf sternum 

»:*^>Lfc«IIBtt.-|«fi«HB <2 0#) i±»^ 7 yH 

^ (105) ©j***wifi-r*fii«ric*3e*M-rfc»»c 

«f«b&«PWI <5fl0 <t€r^ff-LT2 5»J=±»fc. BP 
5, #IIJfi«©f£?1£B (10 4) Ko^TWflQgyagi 

[0040] mmmi&fc (126) *«fifc-r*±ia©# 
1 1 1 mmitm^m&m ( (102) ~ (105) ) ©/# 

©Sfc»£«#3 U y h;bCIB*Lfc*'*ir, RjfcjF ( 1 

1 8) wzffi&jtmmmmft < 1 2 n ©as* 1 1 0 

«7*3 Ot ©j$«£ fc^T»I«I» (12 6) 

fflis^KT^t, sftaf u r>A • -f >wi*3&tm 
(104) *»*ibfcjBi©j'&uiia*jfiufc. ap& 
iasias noot (=t' *o 9 5 ot;^©^ 1 

0>J*ana***7Lfc*tt, ?I*«E*9 5'0"C*»e>6 5 
CCMSfl- 1 0 3C©fiJ-&T^ia$-fr.5S2 ©^^liaSr 
SBSfiLfc. JB2©»anac»ft*SJS*P (118) A 

©f?Bm**j£#-:*.«:. ^i©^attasi^c<s-^. & 

^3 U <y h;i/©*^. 7;Pr/>S.Z^7> ; &r:7<tLfco 
«B«iB«: (12 6) ©i&S«:6 5 CCIcKT^-a-Tlg 

2©j*ane**i7s*fc»tt. it^tcKHttan (1 

2 4) *>e>3'OU (12 3) ^©S5JaifcaiK©#*&S:f? 

ja©*^ *§B#t)t# (126) ©j&«a*4 sects: 

ofc^T, KJfo*P (118) ^©T^XTEXMc* 
#X©#WS£#lkL7i. ^©&«7Jl^>©^£Sj£*P 

(118) \zm&LtzikmxifcmLtz. B6\znmnM 

[0 0 4 1] ±IB©*P^5aS5r)56Ufc«B«jt# (1 2 
6) ©-gfl-SrSWfcfcgjBiJU IC7*rfH*> (A 
r') Srffl^fcXAiy^'J >yffiT»H{tLT. BfffiT 

^ (T EM) *?iJfflLT|^iSlSf©»i®TEM#<£iPa« 

ji2oo*a#;n- (kv) -ritLfc. ±ie©gft^ 

Uf/»"f >.->*^A (G a 0 . 94 I n 0 . 08 N) ( 1 

04) ©rtffl?ic««&^tt©a([igs^ii^$nfc. 

^>TS/jN©iSaiii^4 nmtfeO, S^:©itS«^ 1 3 
nmT&ofc. a^ft{*©jt®(ii^7~8 nm©^HIC 
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#*£J§tf£o W«8tt«10nrat»ofc, S 

H9lC*lfcSnfc«JH*T**IS3«tt<0«i|6flfr (1 2 
7) (D-m^^-To W9TEM4k(C»«t£a^ (1 2 
7) a*fiE9JLfcttA»^lft (1 2 8) O^t'iiJSLT^ 

(12 7) tf^fliOiftfl (12 9) 

3 0) 5&*fipfiELfc. 

#XS£J£bT^&^a s - g r o wnttai<Z)3{fc;tf U 
«^A - -f >^^A»itBO»fffiSH«c0TEMSffitCJ: 

t^*i:§8«><=>nfc. IP'S, ffifttfy^A • -f >>^A5B 

[0 0 4 3] (HJ60IJ2) *HJSffi|-Ctt, 8 5 Or (T 
= 8 5 Or) TJSfiLifcSfttfU^A • -f >v^A (G 
a I nN) MI^i^fc8I«i6«:$MOCVD^fi 

[0 0 4 4] *B«itWiH7JC»*Ufc«£E (*» 

be) <Dmm&mmftm%&f3L& (mocvd) mm-cut 

it. S?j&£ (0 0 0 1) £T<5 cffi^y-f 7Sffi 

(ion ±\z\*mm&m i 7 nm^tsgftr;^^ 

r>A (A I N) ^£>&£II»B (10 2) £ift«Lfco 
^fL7;l^-^A ■ tfU^AfiMWi (10 2) »ffift« 

5N (99. 999%) ^lit^^ftXf ffll h U 
^;U7;t^ -^7A ( (CH 3 ) 3 A 1 ) £7)l^~0 
A (Al) «tU JS{L£-t^c7>^-7 (NH 3 ) # 
X£g^§ (N) jSiLTfiRfi$1i-fct><D-e*S 0 HffiB 
(10 2) tt, Xt£ (10 1) <7>fflS£5 2 OttLT 
/SfiS-frfc. H»B (10 2) ±tctt, BJP£*$5//m 

t-ra-oy^A (in) ta* (s i) £F-e>^ 

LfcnSSfttfU^A (GaN) B (10 3) ZMl&ls 

£T£v^d^>*vX-;h'>s^a (C 5 H 5 I 
n) SrJfl^fc. ft*O«|&*JCtti«ttfl[**fc<t0ff« 
Jt*(CLTWl p pm(C*Si$nfc>?>'7> (Si 2 H 
6 ) Sr/H^fc. nSSfttf'J^AJi (10 3) P*qOT-r > 
y^S?i8Smixi0 13 cm- J T*O, HigO 
SgM7xi0'8cm- 3 T^ofc 0 nfflfifttfU^A 
JH (10 3) p**U7»*ttiW2--3X 1 0 18 cnr 3 



T^ofco niSfWU'JAB (10 3) ±fctt. BJS 
tii^36 0 nm^^f >y^A<hy;i/V-^7A (Ge) 
<h^S& (Zn) t<D35zm& H— tf>^LfcS{t^U 
A • < >>^A585tJB (10 4) S8 5 0tT»dcL 
fc. gP*>, *5:*<DTf^8 5 -O^^Att 

0 2o C m- 3 OSSi:^^>^tCH»bf >^bfCo 

fil0ppml:»RSnfty;^> (GeH 4 ) 
««»tLT»7x 1 0 17 cm-3^^igS(h^^«tC 
K-hf>^LfCo Ift(OH-e>y*attfi9xiO'T 
cnr'fcLfc. ^C0Jt«W«»*©H-fcr>^*Jfi-r& 
B*6S*^iCcfcDft:Wjt^(cLT^} 1 0 0 p pmtc 
*RSnfcyx?M» ( (C 2 H 5 ) 2 Zn) 

[0 0 4 5] 8 5 Or-CSBtfl (10 4) <^§£i&7 
LfcStt. R/6#* (1 18) ^TJl/iyiT/t- 
7<7)a!a£&^LAc£2;-?> it^^SS (10 1) 
g£8 5 Ot^b 1 0 5 0tl:4»mT#»bfc. SP 

#jaxa(c»it^#aa«tt5 ot/»f;asi 

[0 0 4 6] g-Mumzmzmz i o 5 or (=T f 
r) *j»«ixe(c«Lfc, mytm (i 04) ©jjpjfftais 
(i n) ±^co*ii©rie«af^*t>oTfWB 

bfc. 583fc» (10 4) JtKtev^v^A (Mg) & 
K-K^LfcSftT^-^A • tfU^A (A I 0.05 
Ga 0 95 N) fiBB^e>&*±»^7';/ FJB (10 5) 

^5 1 ^->y'n^>^^x-;l,-T^^v'^A (bis- 
(CH 3 C 5 H 4 ) j Mg) (BK«ffi**;tf;*iCcJ:SA 
^ r U>* r «fP*^LT*fi*JC«liDLfc. 7y*->9A 
ttSf««*U 0 I9 cm- 3 ^e^_^gStcF-tf>^^ 
SfiL/fc. A 1 0 .o5Gao.9 5 Njgft»^'&^:5±ffl5d7 7!y 
FB (10 5) ©IffafiSOnm^Lfc. A1 0 . 0S G 
a a95 NgBBd>6fc£±a^y KB (10 5) \Z 
tt. 1 0 5 OtCft^tvn^'JAtO^'JA** 
iZ F-h!>^Lfc£fL;tf U ^A*>e>&S3>** FB 
(10 6) *J£»Lfc. V^*S^ARa^>S^AG>_ 

WS:^>y^A(OH- K>^iflfH^4X 1 0 19 
cm-W3xiO'»cm- 3 il^o 3>^FB (1 
0 6) coKfftttt 1 0 0 nmtbfc. £Lb, ±gfl^ ^>y 
FB (10 5) t.n>9 9hM (10 6) O/SgtC^U 

»tt*auia«iaxa©*frtt i o 5 or-? 3 o#mtfc 

[0 0 4 7] ±fE<7>SB«ig# (126) Sfcdtr** 
gI^WJ^A^^^^3>^/7hi (10 6) CO 
j«**»7LfcB[a»r, m«M«lifi« (126) «r«£K 
LfctBI-^S*;^ (118) rtt*^T*B«IJa* 
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(12 6) <DMg.&&M2-&Ztf;mxmzttLtz. 9c 
1*. HI «E5E:*«»©JStfiJP (118) ^©ttl&iflfih 

U Sita'r ; 5^XS:7> ; E^7<hr^3/>iLT*P (1 
18) ft£7>^x7-7^:i'>g£^#:T-3t«3t£-t>- 

ft. z<Dm.-&^nm\HX'mm (ion coi&g-ma 

£l*fc»Ji*liif* (12 6) 1 0 5 0"C ( = 

T' V.) A><bmtt2 0V.<D&m.mg.$:h-?T5ttm-Z9 

5 cccfcSbTlfii o^ii^TLfc. 
f£#» (10 4) O^SfflS (TIC) tLt8 5 CCIC 
*$M 0"C©W&-Cl*iiU JB2©?iMJIl8©JBlS« 
HTLfc. IMIfBiStt (12 6) 0»**«8 5 ortcfij 
«LfciMHC. (118) ^©7>tz7*X 

©«Eil*f9lhL.T7^=f>©*tUfe. 7;P=f>#^T 
«JSLfc»H»l*!-«l£lJfcS. *SJlfltj£# (12 6) CO 
5 0ti>e>8 0 0 *C IC 2 "C/ft-CO— fecD&ltm 

ttEV>T7';b^>»H»TK:»V>T*Ji«ift# ( 1 2 6) 

C0i&&£8 0 0Wb6 5 OX:^ 5V/ft<D&mmmT' 
IITSt, SI2»;£3flXgOTSfS3&£i&72-t!-*:. 6 5 

5 ~ 3 o x:/ft<Dm&r'&m&&T-rzv>i>miit> e.n, 

iW6 O^IC^ffllCMofc. 0 1 1 IC*HS60iJ»^M8# 

7 r-f (iaaoRlfffl^t) 
P0^»^T«PiaS:MS6Lfc^ra** (0) iLT35 
-5. 

[0 0 4 8] ±iE<B«Bfl»iti*: (12 6) CO— g&£$gfl& 
tKCSJS'JU -?-n§:7^=r> (Ar) fcf— 

Jfl«>tt***f|s«Lfc. -JRn^aiiSiVfmRtt (TE 

M) *?iJfflLT|^Kf*C0»f®TEMI|!«;AniS«flE2 0 0 
*n#;|,h (KV) ±fSc0g{t;tf U^A • 

OS^A^Jf (10 4) <Opqmz\t¥-)$iM.'m$:fo8 
nmi-r*»#tt©1MliJMfC38«««^nfc. H 1 2 left 
iSJiteGOjSgWtf^Srgtf.*,. KfiTEMJkQflMfcttH 

ic » v i xm.m z n -s s&Ksutt t c * o n e> w nc m « 

a7~8nm©«il;IfbT^fc. CC0JjiS3ltt#fSW 

flWfgftJf (10 4) rtffi<&#£CQ— S&COfcltt'NCOfllW 
(104) <DffimiZft&?2>&-&%.ffi<i:iQ*>> tTL^C 

ffctis (io4) (DmzjjftnmZ'PVivmmzMfrr 

[0 0 4 9] ±fEC0^5aaLfc«B«ijfii* (12 6) 
OgglTJb53>^i?M (10 6) cossttfii^e 

Wc.iiv+>j*^y99 hm (106) «^ 



mm^>?? hm do 6) ^fia^iwu^Ai 

(10 6) _tK£ • lEtt (Au ■ Z n) ^ 
(N i ) &M£-tt-£MR«« (13 1-1) tft • S 
(Au) com® /W h*«*S (13 1-2) frZfc 
SpSffi (13 1) *»js3ELfc. hi (10 

6) iclttt^-tt^cott^ • SS8»ii:Lfc„ n9Mtai 
(13 2) tt7;l/5-A (Al) «fcrj«J5fiLfc. n§J« 
I (13 2) 11 JB^3t««»CfiEinS^t^Ur>A 
m (10 3) 0±»K:*Ji3*lifcfcJi ( (104) ~ 
(10 6)) 7Jl^>/*^> (CH, ) /zklii 
(H, ) S^^X^ffiffl-r^>7 p 5X^X-y^>^ffilCj; 
01&&Lft&\ZMijZl,ft. HI OtCffSbAcLEDCOBf 

[0 0 5 0] p , n mnW. ( (131) RZf ( 1 3 
2) ) W(01^(6](C2 OmACOmditCOaaiCcfcO. 

3 4 nm<hT-5#fe<7)$fi}t£fllBL&. it 7 
T-i 7SS (10 1) cogffi£&&£ij$3 KmitSy* 

x^^-r^ffiiCcfcos^-.y-T'cawfLfe. ccoxi77-r 

t>^CIl S« (10 1) ©«ffililc^te«B!l^L<«: 
(cx 9 ? -f y-r ir^ > Kft-**fT * *Tt«f L fc. 

sftfc«iti# (12 6) ttittnx»iD«#v^ 

rsoj icbr i o um*.ffi£'i^<mm\z^m-e?\zte 

*>t>fc. aBfUfcLED^yy*— iKM>S:¥#*»ltffl 
h* (mo 1 d) fii&Lfc. ^CO^. «4t3***JfflLfc 
1. 0*^1. 2SU77h (mW) TfeO. M^^t 

?fi*ro*feLED^t>fc^sn«^i75««iK3nfc. # 
(c. ±%^x^i7 K;poo#<i6i|i«^it$ l s 1 (TtrBRiS) coi^) 

50-70 nmlC^fbT* 4 ) 1 5 nmSd^t^feC0*fe 
{t»C«fc0ffifiri:ite«IS*t^-3fc. X^i/ h;l/^<jtiHC0 
ffi/MCBttHAflcOitS (Kg) 

[0 0 5 1] (I?iffi«ll3) tffiMOCVDffiCiOWS 
5100/imitt5 (0 0 0 1) (ci) it^r<7 

a«co^®±tc*jg^ 2 ce*<Bj*ft*fr;Rtf 

lcA»RMfe#K:J:Offiaa«fll. nlBI. «3tJi. 

^lS(ClSoT*JS#iJ2i«*fr^^Mb 

fc. *mi&mT'iz&itxi)v&3>*9 bm&T' ftz 

1 1 OOTCTMS-Sfci, JgtrtiD^t-^-ICSA 

f -sm^j^M-r^r ti-=fco 9 5 onc^f -s^ico 

«6 Ot/^tLfc. 9 5 O-C^e.8 0 0"C|-«1 5*C 
/.»CO^ST^U^2CO^a]x@comiai:Lfc. « 

mmj&fce>ug.£ 8 o or»c»aiLfc«tt9i*«[* 8 o 
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DS^rtTftft- 1 5t©SiJ£T-6 5 Ot:*T?*Ji«ift 

ikU 7^^>©**S!Eai$-y-fc. 6 5 0'C^b5 0 < C 

■oTftMiwztiimLtt. mi 3\z^mMizmtz>fi3i» 

[oo52] mmj&#viftsM&izRi&&if*e>mMmm.i* 
*«toaiLfc. mmmmfto -ft >->->■>/ 

(ion t h i n n i n g) ffilCJ; OBrBT EM&£ 
ttitg£*<J 1-10 nm«fcTStMM#©#ttrtHMB;* 

^•Scfc^fCgjftl^tlAco H15, -f >WL><r>m&<DWL&. 
r> A ftft £ S lz T * ffl © £ fe (ST t> © <t ffig £ n 

[oo5 3] mmm&fcn-ffizmmLTnmm 

L ED^<=>teMS#fP]©«ait<fi£2 OmAtlft«$l:il)i 

Utt* •=>©*>©,*: -Tttti. C©»iig l fi&|*j©-'f A 
»* (ttjSJt) te4*ftJ©3ll&M£: 5 5-3 8 3 

4#^«#fig) ^#Bg-rntf^o. 20 m2o%) t 
[0054] emmm 4 > 3^01 2 »ciE«*©/*g&fr ic 

ftl^gfttf U?A (GaN) HffiB&tfg-fttfU^A • 
A (GalnN) %X.m*m^ cffitt7r-f 

>->'^Af£ftB©BJPteift4 2 nrntLfc. T^850 

5 ot^b« 1 0 ox:\zfom.-Tz>\zm2 s^il, 
ytmcommzifimnftitr y^-v a <nh, f) 

ft^iiWfe (cvd) snrtrogfcJiJMi (s i n) * 

«IST&£#©&#©^&^#ftBi::*¥iciSMLfc,, 

•£©&, C VDggF*qc0K3S^<DS^iSI^. (S 
i H 4 ) RZfTy^-TXXVmnfiXnCVDi&mPi 



^©wa«m£. cvD«Bi*joji(ffiK*it*icar«ffi 

C#ALfcS»^fxiHf*HaJ[|(c4 13.5 6*#'Vl, 
\y (MHz) i/DagTSbSLTy^XVi:^ 

u aib^u ^a • -r >->* r >A^B±^w^{ts^ 

1 0 0 nmlCS-5j£©iK»4»IB]ti:oatiBSL/t. 
*K0JftlRJ|j9m4'tt&IKa&A£3 5 0 "C tCijtJS L/i. 
i£«Lfc§£fl:3£3W&SH©fe"&^ A^^JWrU 
TitS 2 -f >^©_hiES«©— £ffi±tC^g LfcfBtB 

[0 0 5 5] 2<C%« (Si,N ( ) KQiiffteai;*.fc 

S-t*-fc3:*©g<L;tfU r>A • -f >S^Af£3tg*flnaa$a 

ttC#±tf&3WIM* (»«*#>*;UA 1«) frZ<D5£ 

=r > t l it±-c9tm» izwtm?z>n.ffi.$: mm 2 it&mm 

0t (=Tt) IC#»«5 0*C©*flET?±#*-ti-fc. 8 
5 0"ClCiE«itC5^W«JtLito d©ffiJS^ *f£BJ© 
#Sxa$:Jg-rfc*(C, 563tB©fi#* 1 0 5 0X2 left 
#5 0r©ffl#T4flfll*»W-TJHIL&. 1 0 5 0"C 
iCiiJS^. IE*IC5#|8!«&LTf£ft/ItCta&ia©i|fj 
HiCttL/t. J)nl»iffl ; 31$r)5gTW«tP|*J©^Hm«T> 
^E-7-7;i-=f>g^rl?HMi:Lfc. «tij^LT> 105 
CCJC— 3£©3EffiT5^WT?«^FWtcB 

Sbfc-&§KO»|lllttl O^fflT^ofc. ip^xa©**7 
^li 1 0 0 9 5 ov.\zmft2 5x:<D&g.-e&u 

LT^lW^aixa^/cCLfc. 9l*tt#9 5 01C^<5 6 
5 0"Ci:T«fcO««&2 0'C©SlJ^Ti i &aiLT^2©i^ 
»Ii*ftLfc. ^2©^xat?©^ai^!t«. 5!^ 
S*«lfi)c-r-5S{t^'J >?A • -f >i?i5At*ni:ttfS 

SSii LT*«?i$iJMlC%Jt»©a«*^Sj£^ai t fc. 

Hue — j.»3jiLfc363ejieHr;»jir*iaa:-€- 

tile 91 ^i^ < MaMSlIiS il U T©SB#6«J^:?aS 

[0 0 5 6] figg^. — B.ft^lLT^SPICffi0l±JL7tfc 
©©. ^©^*%BJ©#M. »I^RD:^ai©±xaSre 
iiL/tfS3te©BiBTEM<feCtt. £^ffll*3lC«S:ffi-rS 
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WC^— &**JS6«<0»ftBtt's'J'7A (He) -A 
HS-JA (Cd) U— tf— }t*IBe>t*CJ:0«f»C?a6fi 
S«43 0nmiL, ftfi««2 0 nmttl»tft» 
7* hJU5*-;/-fe>* (PL) f£3t;6*;»S*3ftfc. 
[0 0 5 7] ( Jtttftl 2 ) 4 iZtim<OSg.1ttJ U 7 

A • Oy^A^iti^T, J*S*ST&tCSft5g#ij4 

ft3i*«i**»ufciKtc. aft:a*taft^u 7 a • -r 

oi, ismajawiciii— tzmmm-z&zhoiimmzn 

tz. PLX^ h;U_hCtejfcg£i|i<j4 1 5 nmi 

-T-SS^feWiffigftX^? hJUCDM, KS3 6 5 nmifi 
#Cg{t#'J7AO>A*> KSSfCiWISStl* 
Sftt. L*>U S«fe€rMT-5PLtr-i7<75%>t^S 
«*J60iJ4O5-5-tXtcH:1ftLTl/l OUTFWfK^&fcco 

4 5 nm£ffi38»::i£BJL.;fct>(D££ofc. 
[0 0 5 8] 

m'Nt5txm?frz<D3&yt£&om-&{t-rz>iz9>m&$> 

[0 1 ] gffctf'J 7 A • -f >^7AfS3tJl£tff *.;tf^ 

[02] ftmzmi2>mmmmfr&fiZ&?zrzit>c>Mm. 

[0 4] X«S0jff^S<i:iis£Sfe^ffi«SefS]ttWffiM»^ 

a©- m 

[05] ae3l5WLED*^fic«-Sn4fE^^^ h;P 
<k. *«WC«*3a5BieJB«:«AfcLED©#fi»«0 



[0 6] il««lliCMyP77'f;l'^tiT*^ 

(-) t£l*&. WfflM^ttLTl^. 

[0 7] SlJg^J 1 TfiKfflbfc«EEMOC VpmWOM&i 

[08] *Dfi« 1 ©»3tJBO±*MiOrt»lc58*Si*-ft. 

[0 9] fieSfflt?*^>BS^tt©SSiiiS^#:ro#ffi$:*-r»f 

® t e um<nm&.m<D— m-e&z. 

[010] S^mo«JMratt0KB4l&;H-?&<&. 

[011] mmm 2 (Duei^m^mmmt^-rmT' 

[012] mmm2\zmwi<D&ftm<Dftmzmm!i!im'& 
izmm2nzoim8,{*<D\&&<Dftifi&7K-rm-e$>z. 

[013] *J60>J3 WiaST'a^T'f ;P£^-f0T& 
•5. 

[014] mmm4<7)M^ay 7 ^)i^-tm-^& 
*. 

[fiWORM] 

(10 1) ££ 

(10 2) 

(10 3) TSB*7y K/f 
(10 4) 

(10 5) l»^7?h*i 

(106) n>^:7hJl 

(10 7) *«itt«»»0*BB*«f»i-r-Bfc»© 

(10 8) D—-?)U3Lyr>ifi&m 

(109) -y— -?)ix.< y ^>>f$:mM-tz>mm£Dm 

(110) u— ■e;pxy5 1 >^*j6LfcaE«*iB±K: 

(111) ftfi-Cl«* Lfctt«Ji±lcT*i' 77HI 
* tfZ&t £ «6 © M.S. «C #S"T -5 

(112) — 5£»&gTTg|57 5 -y KJi£/$gT£i!i 
8 

(113) TS5^^-y KJiOJ«fi*»7L.fc». «5t 

(114) JBfcJiOlfcRSfT 5 £8 

(115) ±.U5 7vY-mft.ttzi>*>7 Vm^<F>Mf$L 
i©8 

(116) ±»*5y HJiRtf=i>** NJB©»lSii 

8 

(117) *£lj|8 

(118) MOC VDKJfcjp 

(119) *«3£»<r 

(12 0) MOC VD£)£# 3 <i:X£#>7*©*|8jiCf& 
HL7tlJBB§A\>U7' 
(12 1) H£#>7° 
(12 2) #*«8A?L 
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(12 3) iBJf&ri'f 

(124) mm&mf£mm 

d2 5) mwt 

d26) mmmm.it 

(12 7) ftBffifc 



(12 8) us ea 

(12 9) ±flcffi 

(130) teft*^ «)K5<J**sa.nfcflwi 

(131) p^«s (jes) 

(13 2) nlti (ft®) 
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fiXia*«iit*a9 5 o*c~ i 2 o orofi^icia^^nT 
for. ^©aeTtt«3tJittiB)tJB.©rt*aflE 

^6 9 5 o"c~ i 2 o or»«6H«iafe^#a^n-5„ 

y HBRtfn>^^ HJB*»rit-r*iie (116) ta: 
<ScOi^9 5 0"C~ 1 2 0 CCflfF^Offlafrs©^— » 



»4, sfcHrsBejBJi-troritaaaiOfeiOiSsc** 

«ll<&j**«H*&-r-5«il(ri;:. f8L&mWLW37,<nmm<n 

w*>5 2 4o»ib ( mmmi . a 2 5# tS6^ (1 

9 90^6^) , 3 5~4U) . ggV^J«Sj6 0#fSlT 
(J. Crystal Growth. 9 8 ( 1 9 

8 9). 2 0 9-2 1 9i. ) „ z.n^mzmn^ 
<r>mtm (DfRmmg. «t o mm. tc ««jb jw*«et * $ ma* 
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(117) \Z&fT?2>. *aiEfif©JOEttti*S»»K: 

ss-rsaflMw&a «M¥8-3 2 1 1 3 

4#iN§¥8-3 2 1 1 3^tt#flS) . U*>. -<0fi£3fcS 

cd rtgRo&s&MiK ^ \m.m&$L<n^— ft 

ffctf'J ^A • -f >S^A*6»JB£fS31£Ji£LTfidT* 

^m-itzizm-t i> m u < bis A¥ft & i*i8m&m« 

[#«Mf*IE 2 ] 

mjEtt^mm^i mmm 
mjEttmmszi 0014 

[0014] *%Bj-e(i. T'Cj^SfSttJioins&iaart? 
$>z>t~ t^*«-r«isw>#*a**«#3 o"C6i±. 

>t»*«j«ra-f >v^a^#iii wm.(t^vmm\z 

(TEM) ^ftjfflLfe«ttSO»fffiTEMS«&lCJ; 
0, ^©#flE£5MgT-#-5. BfffiTEMffiTti. 

BffBST E MtttC &o T-T A jgtf it & L 

fe*<«n^ttge^tt*sntton> n^x ^ltii 

ffiftOf >v"}AjggteEPMA (tfiv 



ie 3 ] 

[«IE*f&*gi£] 9»nft 
[»jE#*JSBfc] 0 0 18 

[tfuEf*l£] 

[0 0 18] JifSL/cHfEST EMffi(C«fc5)SI^Tt4. iO 
Sfc. S5MTO»P^B#^O®S(Cj;0fi£Sffl 
JBfflO{<£«!6<lSJorn«. g£JBffl&fc-r*SS*MiSOBH 

-/ : bandgap) ffltTS: fcfe 5tfflli, ->'Jn> 

(si) »M^o%7tic^-r-5*iaow^fi)t*7)^x 

SiC^TW (B. Del ley and E. F. 
Steigmeier. Phys. Rev. . 4 7 ( 1 
993) . 1397. ) . Wfe^sKUttiafe^iiOS 

ffls outvote* ic i « **sa# ©#«»^it«*i©i£ 
is*£iift jc * t -e- ©<**6©if ijamz&? b t> — ^ -c 

ttfct*. ttl^iMeoaiffi^TtSi^St^ti^Offi 

"T-So ±IE©$P< (MiEOPhys. Rev. . 4_3 
(1 9 9 3) #BB) . IBjjgJUfcottlft (tttr)««B«t) 

jS«O^S(iaSSS^O^«OllSS:S*tcL. 

(i) mmz£K>m&m<Dm&&%irz2T> mvm.v> 

fiTSW^U^^MaWTfeSdi:, (2) fflSS6-&(C=k 
KfiOft^gffi!|-v©^fi : 4!l»ijgL^^»iffl-C ! a&-5 Z. 

rls' (3) mmm) oy^mzmm^mta^^rz 
zL&z>&m<Dm-itizi$tt%mm~c$>zz\t$:mm 
tLxm&T' ■cizmfz>)£mm<om%<:mm&6 o#&l 

fc. m*nmik& mmw oitmmmmommz&z 

(^TtfeOiPEffi) icfiinsfg 

v.-c<DnmmfflfimizM%uzm*t. m* (a 
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-tftt5-zntz<<\ corns. mm# «*««) ©#« 

fiRb»*d<!:**BfffiTEMaffilC«fc4fi§14Srta©iStft 

[3M**IE4] 
[«IE*f3i8gi£] ««« 
[4tjE#ft*i«] 0 0 2 4 

HUE**] 

[0024] *i©»aiigi;:gi#«E<jB2©»2jis 

Jg 1 ©ftiflXglcSS-ttSftiJl^a v$20 r /$m±C 
StbTl^CiA>f.wB^2 or£jB;L/S:H«H}$ 
flSttS. !Sf 2 ©JliJflXgTte. 851©i£2JX@<h 

&l«©#)3ltei:tf £>tt-5„ 35 2<7)»iflIiI{;:in>T?SiJ 
jiftS/hi-T^r ttt9 5 0"Cj4>66 5 CClCfiJii^-fr 

£fcoTj&8E©$a*£J:D?gJf £-e-£t>©-C$>-5.. C© 

©#)*£#£ 9 5 or*>£ 6 5 0"CC0^Hrog!t-5 

H-CttSffiiO»JI!Maa*»7Lfc«Fjft*«3i:J:. 

ICLT^ (0) <fc teaJXfilCitett-Si&ftGDg 
fto^JSHaicfflSyn^r-f (-f) ~ (-) ~Qm 

-r. 

(-f ) ffittH ©fl0&&3£ 1 0 8 01C (T* =10 8 0 
■C) t?3 Oft-BUff itdtik. 1 0 8 0*C«fcD 9 5 O'C'sff 

#3 or©&gT-#ai-r-5ifu ©frapiat. ihut 
9 5 ot*^ 6 5 or^«# i oro^-e^-r^ 
2 ©^aixg t Lfcaasfl:**^- zfu -771 

)V. 

(□) 8 5 OX: (T=8 5 0r) -CJ«*S-&fcSM:#y 
W--f>y^AMi±i:> 11501C (T' =11 
5 Or) •V&fcT)l>S.=.'?A • ^JUOAiaA^aSl 
SRi7 7-y KJS&tf 1 0 5 Or (T' =10 5 or) "Cg 



0W9 5 oric«*#4 or©j£a-e2. 5»wr» 

Sf-Sm 1 Ot^mT.mt. ?lfMt9 50Wf,8 0 0 

ric5r/»T^ia$-B-fc:^, —a. soortcisfl- 
racaofiy^LTiEt, 8 o or=to 6 5 one i or 

(a) 8 o or-e^s^-&Ac?si4)i (T=8oor> ± 

1 0 2 0rTW±SR^7-y KB Mtflcn >^ hH 
££H-3 5 »WK:H01t«3*«}»f^*t>oT*56M© 
1iaf&W!M&13LLtz& (T'=1020r). 1 0 2 0t 

^e.9 5 oric7 ot/^ig-n^iTHatsi 

KDfttHJimt. 9 5 or^e.S14JBWfitSil«tUfc 

8 o orics^5rcD)SSTKiaT-5jgg<t 8 o or#> 
^65 oricft^i oic©ia«Ti»«-r«iiei*»6ja: 

(n) 9 0 0rT^{t7^5->j7A • tf'J^A • -f>5? 
^ASS (Al, Ga,In ! N: x + y+z = l, 0 
<x. y, z<l) >&>e&*igtt««:«MSL (BP'S. T 

= 9 o o r ) , pjfgttn ±ic 1080 r-e 2 0 annci: 

N : 0<x<l) ;5^ft-5±8P^-.y K -£-5 
C<fc£fcoTfcfSliH0jtoJ»fflai*ftfflLfc& (BP*., 
t' = 1 0 8 or) . riE*S«|*JCO*HSl^fXt*»K: 
WDSM.*&*C5#nBPMt*»* ( = T* ) 

5 0^4 Ot/^©M 
T©(£SLTf51©?&JflX|g£ii&*.. aii^LT9 5 0r 

8 0 one 1 ot/^wiit*. mic so or 

6 5 or (C 1 5r/#©j£gT#aT5 2l8;|5g©i£2J-r 

Sg 2 ©?feSixe^igfcia«7 , n y 7 -i)K 

±E© (-) waflE©«WWaEftO!)«KE«Lfc«HC. 

t>. *fi«Mf&tfi**i»f^ic«ia[-r**ffe^7s-&* 

[#tt«iE5] 

[»JE*f*»gi£] BJiffl# 
HHIE#*JHS*]" 0 0 4 7 

[0047] ±mommmm#- (126) s^^-r-ss 

W&<r>mti3WJ*&z>l3.Zn>9i; hm (10 6) © 
J**£**7Lfcfl«ftK:. RIIMWifilt: (12 6) ttmiS. 
Ltztm-<Wx.fo& (118) rttC»^T«JB#titf*: 
(12 6) <DM.m&&m.2-ti:Z>}$mT.mzttLfz. 9t 
r. Ill »l7C*«»©J«ft*P (118) ^©«ij&£#iL 
L. ajil-r-5^fX?:T> ; E^T<tT)Uzf>i:LT*p (1 
1 8) F*3^T> ; Er:7-7;i/r< , >^M^'C3(c»l$-a: 
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fc. coi^ftgi^Tlfi (ioi) nmmTRm 

z-&fzfemmm# (126) 0®** 1 0 5 or <= 
5 o°c\z&uLTmi<Dfti$x.m&mTLtt. 

9&tm (10 4) <Dfi£gfi« (TIC) <hL*:8 5 0"Clc: 
»#1 0'C<Z)SiJ-&T»i&L. !fI2CDi£ipIg<£>SglfS:£ 
**7Lfc. (12 6) ©!K«t8 5 O'CfcS 

iSUfciS^tC. £Jt>*P (118) ^»T> ; E^lT^7. 

mfS.Ltznm^xm^m^, mmmm# (126) © 

i&S£8 5 0tA^8 0 CC (C 2 'C/^<D-^CD^{t» 



m^T7)i'3>&m%.T\zm^Tmmmm# (126) 

«iaS^8 0 Ota>£ 6 5 O^'^St/ttiD&UiM.g.T' 
ttTStt. ^2W^Xg©^3g:^if*7^-a-fc. 6 5 
0 -C IC^fi L Actuate a icffiitT^i&Kteai b 
/t. ^Ol»&aiTtt6 5 0"Ca>6iW5 0 0*CtC#«)2 5 

6 o»*csjaicsofc. 01 1 c**jfi«©i»»WfC 

HK:;tH>Tttl*&&MteL£:l$m£* (0) tLT* 
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mffB] Wll^ (1 999) 1 2M14B 

itemmm 0—3 13133 

1'AfflB] ¥fi)cl 0^(1 9 9 8) 1 1A24B 
tefflftfftem 10 — 3132 

immmm ^9-1 19633 

[B*ttflF#Si£6liE] 

H01L 33/00 
[F I ] 
H01L 33/00 C 

[fM**IIE«] 

[^WElliE 1 ] 

[miEMnms^,] 0031 
mm?*®] 

[0 0 3 1] tt«Ht<r>tt£Slcft£S*-i«ttlsatt0!>;*: 

ffiH#ti£#(i8 3 Ot (T=8 3 0C). 

t< >^a*&jsj££jkjo. 0 6 u&6%) ii-?z>mm 

*<J6 0 nm©2ffc#'J?A • -f>y^Affit (56ft) J§ 
(GaoMlnioiN) 1 lOOt 

(T* =110 Ot) \zm\ 2 5t/»CJlS€fc-pT 
WWL^mW^m 1 2 0 nmt-r-SgftT^Sn^A • # 
U'JAia (A l„.| O Ga o . 90 N) KtfSJP^tt 1 0 0 

5 0rtC$^-3 OTCWfiJ^-T-. 9 5 0tA^7 5 0tC 
10t/»T2 0^IBT. 7 5 0t*f,6 5 0ti:i5 

tt<0«tlft#WBatt««. »3nm^Kl2nm«) 



[«IE*f*JgB£] 0 0 4 7 

[0047] ±iBo»B»jg^ (126) zmfc-tzm 

&m<F>'&\\LliV'OK-frt>U%ziy5>5Ym (10 6) W 
«fi*»TLfcit»C. H*§JlfiSig# (12 6) £Bf£ 
Lfctl^-CgJfvfp (118) f*glC*H>TftJl#Jjg#: 

(12 6) s-ttsftspisKftLft. jfe 

-f. Ill ttTcftBttOftftP (118) ^©#W&S#Jt 
U tftiI^4#;*£7>^^7£7^:*>£LT*P (1 
18) rt£7>^-7-7Jl^>g^m#T3ti$;*t!: 
it. (10 1) ©ffl*-Cf^« 

StJ-fciSgflliSflE (12 6) CDffiS£ 1 0 5 0*C (= 
T X.) * 2 0 tOKSM* fc^ T 5 9 

5 0'CCI»jiLTJBl©J l &aiia*»TLfc. 

fgftjf (10 4) ©J&gja* (Tt) ilfc85 one 

»»i oic©»£tti*«u ^2w^aixgcr>mig:* 

i&TLfc. (12 6) <£>ia&7!>*8 5 0"CICHJ 

jiLitS&fC, SiStP (118) rt'\05T> ; E^7^fX 
ro«ffiffi£f?±LT7Jl' Lit. T;Urf>m^T 
iRlELfc#l^t?l#if, (12 6) <D 

Sg£8 5 CC^S 8 0 0"XZiZ 2 'C/frCD— ^<73^ft» 

fl L 2 fflftSlSCi 2 SS^I L t. 91* 
att»T7;P^>*HftTlC»t»TaHi«lifi<*: (12 6) 
<DJfig€:8 0 0t))^ 6 5 O'C'v 5°C/ftomum&t? 
ttTS*. JB2©»aiiao*3Rft»7*-tt-fc. 6 5 

fc. C?)g^tli6 5 0tA^^5 0 0tl:ft2 5 

~3 ot:/»©«i^TS«««i»T-r*©jWB«>6>n. m 

6 Otf&ICgfflCS-sfc. 0 1 1 lC*HJSCJC0BlfiB?p(C 

JfcttfcME^n^T-f (SScDB#ffl^ft) *j£T. PI 
HC»t>Ttt*ffl*8M&LfcB*nilS* (0) <h 

-5. 

ttmiE 3 ] 



- 25 - 



&m¥~l 0-313133 



C«IE*f^JSB«] 0 0 5 6 

[0 0 5 6] -S»»LT^«lC«»5taLfct> 
fc. »Wffl* : P»«iEK:f=Mlfr*EPMA*?iJffl 

Wz^t%—&*&mm<05&tf8)Z'\>)Vl* (He) 
HSfA (Cd) U-1f-ft£®g3t«K«fc9*'Oikg 
^4 3 0 nmtL, ¥fjt«^*<j2 0 nmtt5»fif 
7* h;U5*-vfe>X (PL) ^3t*<iftlt3nfc. 



HffiE*t*JSBfc] 0 0 5 7 
HtiErt*] 

[0 0 5 7] (tt&W 4 (CK*<0S{L# 'J 

• -Y >5?"7A3S3fcJBC*T3T. JSfifcTfctllJfiW 4 CD 

it. «s»©i*jaR«is*tt:tt-r*'ic. fye»ic#a*»e?& 
a*, WBTEM«itK:tt«jiaa#©#flE'bfliBsnr. a 

It. PLX'Cj? h;Hl:»J(!*S«4 1 5 nmi 

Sftfc. L*»U *&fe£M-t£PLfcr-7CDi£}t&« 
ttH*60S4co-e-ncjt«LTl/l 0«Tco»33ftt>co 

fe^co ^ttfllttw ^ icsiig^j 4 co^ti <h \zmtz o . sft 

4 5 nmtUfflKMJLfefcco.h&'o/t. 
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